A preliminary regional IUCN Red List for liverworts and hornworts is provided for Réunion (Mascarene archipelago), in accordance with the IUCN Red List criteria 3.1. A total of 327 species were assessed of which one species (Bryopteris gaudichaudii Gottsche) is considered to be regionally extinct (RE), fourteen species categorised as critically endangered (CR), eight species are endangered (EN), nine species are vulnerable (VU), eight species are considered Near Threatened (NT), and 177 species are at Least Concern (LC). Thirty-one species of liverworts reported on the island are threatened (CR, EN, VU), no hornwort are considered threatened.
Introduction
Current threats to the planet's biodiversity are unprecedented and they particularly imperil insular systems (Caujapé-Castells et al. 2010 ). An island's biota is the result of successful dispersal events, colonisation and diversification from the niche vacancies and isolation creating unique faunal and floral assemblages. The very attributes that promote island speciation in evolutionary time also leave island endemics highly vulnerable (Fordham & Brook 2010) . The recent and rapid impacts induced by habitat destruction, population expansion, land use and invasive species are devastating to small areas with distinct borders such as islands.
Red List data constitutes a source of information that is essential to guide conservation efforts focused on species. They are major indicators of the degree of threat and the changes of status for species, and have become a useful tool for conservation of ecosystems. Sabovljević et al. (2004) state that the evaluation of the status of a species should be done in a global context. However, local and regional Red Lists are also important in the implementation of the protection of species by national or local stakeholders. In general, African plant taxa have been underrepresented on global Red Lists for a variety of reasons. This includes lack of knowledge of the taxonomy and distribution of the plants as well as few active specialists able to participate in a network specialising on threatened plants (Huntley et al. 1998; Hilton-Taylor 2000) . In comparison to vascular plants, there is a significant gap for Red List assessments of non-vascular plant taxa such as bryophytes.
Bryophytes (mosses, hepatics and hornworts) represent around 17000 species around the world (Magill 2010; Villarreal et al. 2010; von Konrat et al. 2010) . Although bryophytes seldom are the most conspicuous elements in the landscape (Vanderpoorten & Goffinet 2009) , they are important structuring components of the ecosystem in some regions and habitats (e.g. boreal and tropical ecosystems) and exhibit a high species richness that often exceeds that of vascular plants in rainforest, on lava flows, among others. Bryophytes also play a major role in the functioning of ecosystems in terms of nutrient cycling, water retention and erosion, and their removal from bogs or tropical forests may disrupt the local hydrology and consequently be catastrophic to the ecosystem (Pócs 1980) . They usually host animals (microinvertebrates), numerous arthropods depend on them as habitat or as food source, birds also use them for nest construction and they serve as a nursery for orchids and other vascular plants. Their chemistry reveal some interesting compounds and may be valuable for medicinal properties with anti-bacterial and anti-fungal activities (Asakawa 2004; Harinantenaina et al. 2006) and also for perfumery applications (Gauvin-Bialecki et al. 2010) . However, their contribution to ecosystem services is profoundly less understood, and is usually underestimated by the biodiversity and conservation managers in the tropics where their richness and biomass peak. Thus, there is paucity of detailed information on threatened habitats of bryophyte species and the causes of the threats particularly in tropical regions and to a lesser extent in the subtropical and southern temperate zones (Hallingbäck & Hodgetts 2000) . This is mainly due to a shortage of active bryologists resident in these areas, inadequate floras, reference specimens and literature from these countries.
In 2007, the French committee of the International Union for the Conservation for Nature (IUCN) and the National Museum of Natural History (Paris) agreed to work on the status of species present in mainland France and its overseas territories following the commitment of the French government at the International Convention on Biological Diversity to mitigate on the attrition of biodiversity.
The aim of this article is to provide the first regional Red List for Réunion liverworts and hornworts. Identifying threatened species for the island will locally benefit conservation practices by drawing attention to selected species and their required habitats and conservation needs. This work will also contribute to the global evaluation of the state of the biodiversity with less known taxa such as African bryophytes. We recognize that this work is designed to evolve overtime and hopefully will be implemented with further research and distribution data of species on this volcanic island.
Material and Methods
Study area:-The covered area is the island of Réunion (55°39' E, 21°00' S), which is 2512 km 2 making it the largest island of the Mascarene Archipelago in the Western Indian Ocean. This French overseas territory is located 780 km East of Madagascar and 210 km West of Mauritius. It is of recent volcanic origin (2.1 myr), with the Piton des Neiges volcano the highest summit at 3070 m a.s.l. as its highest peak. On its windward side, is the lately very active, Hawaiian type volcano, Piton de La Fournaise (2631 m), which has been erupting regularly during the last 10 years and produced new substrates that have covered older ones. Thirty percent of the vegetation on the island is still well preserved, divided into 20 native habitat units belonging to four macrohabitat units: costal-lowland, submontane, montane and subalpine habitats (Strasberg et al. 2005) . Lagabrielle et al. (2009) provide a recent status of the biodiversity of the island. Since 2007, 42.6% of the island is under the protection of the National Park. These conservation areas are however highly biased towards the uplands. The lowlands remain largely vulnerable due to increased socio-economic activities (urbanisation, agriculture) and, in the eastern part, by natural destruction from the lava flows of the Piton de La Fournaise volcano. In 2010, Réunion was designated a UNESCO World Heritage Site for its striking landscapes of its "Pitons, Cirques and Ramparts" coinciding with the core zone of the National Park, as well as for its threatened biodiversity.
Methods:-This first Red List assessment of bryophytes from Réunion is based on the recently updated checklist of the island (Ah-Peng et al. 2010a; 2010b) . The bryophyte flora in the island is made up of more than 800 species of bryophytes consisting of 504 mosses, 322 liverworts and five hornworts. The experts discussed each species against the IUCN criteria reported in Table 1 and their application on a regional scale (Hallingbäck et al. 1998; IUCN 2010) . A species is required to fulfil a minimum of one criterion (of criteria A to E) to qualify for any of the threatened categories on the Red List. A species is tested against all the categories and criteria; the species is allocated to the highest category that it fits.
Species reported for the island for which distribution data is lacking are categorized as Data Deficient for distribution (DDd). When a record is considered doubtful for the island, it is included in the DDd category. Similarly when the taxonomy of a species is poorly known, it has been classified as Data Deficient for taxonomy (DDt).
This preliminary Red List was initiated during the Tropical Bryology Group workshop in Réunion in September 2008. A parallel group meeting formed by C. Ah-Peng, J. Bardat, T. Pócs and L. Söderström started to discuss the list of liverworts and hornworts from Réunion, and their distribution and rarity on the island to chart the way forward.
GIS analysis:-Distribution maps with 1×1 km Grid Square were used to assess species area of occupancy on the island. The data (stored in a database) comes from herbaria specimens (in BM, BR, EGR, MO, PC, REU, S), recent field inventories and ecological surveys (Ah-Peng 2007) and from results from the Tropical Bryology Group workshop (Wilbraham 2009 ) and some additions (Ah-Peng 2010a, b; Frahm 2010) for the island. This database, created in collaboration with the National Botanical Garden of Mascarin (CBNM), contains 12 768 records of species for the island and is linked to accessible online taxonomic index for the island (http://bryophyte.cbnm.org), which is regularly updated. The REU herbarium specimens can be accessed at http://nextic.univ-reunion.fr/herbier/fr. For some species, distribution maps are provided and plotted using MapInfo Professional® 7.8. 
Results
There are 39 taxa in the list of the threatened and near threatened species of liverworts and hornworts (Table  2 ) and one species considered as regionally extinct. The global distribution, habitat, threat, regional IUCN category and local distribution for Réunion is reported below for each species. 
Acanthocoleus madagascariensis

Amazoopsis gracilis Engel & Smith Merrill (2004: 246)
Family:-Lepidoziaceae Distribution:-Réunion and Seychelles. Habitat:-Soil and rotten wood (saprolignicolous) at high altitudes, forest systems with high humidity and shade.
Threat:-Habitat destruction and disturbance and less than 5 localities known from the island.
IUCN threat category:-VU[D2]
Specimens:-Species known from the type collection in Réunion (E edge of Cirque de Mafate) and from one collection in the Seychelles (Engel & Smith Merrill 2004) . Three other localities from Réunion: Forêt de Bélouve, Ravine Bringellier SSE from Gîte Bélouve, at 1460 m alt., on shady volcanic cliff, 22° 03' S, 55° 32.5' E, coll. S. Rózsa, 9642/O (EGR, F); Basse Vallée, along trail GR2 (Saint-Philippe), 16/07/1996, 21°3' S, 55°32 S, Kis 1951/CE (EGR); "Brulé de Baril" on the S slope of Piton de la Fournaise volcano, mossy cloud forest on a 400 years old lava flow at 1200 m alt., on soil under a rock overhang, Szabó and Strasberg 9609/ CS (EGR, Herb. Mascarin in SAINT-LEU, MO, F). Habitat:-Shaded soil and rocks, terricolous to humo-terricolous on rocks, 270 -2350 m, known from 18 localities in Réunion and from 48 records on the island Threat:-Populations of this liverwort seem to be widely distributed on the island from low to upper land. It is possible that more investigations will increase the number of localities. As some populations are located closed to urban areas, the possibility that they could be affected in a close future can not be excluded. In Mauritius, the species is known only from two localities. 
Bryopteris gaudichaudii Gottsche (1857: 341)
Family:-Lejeuneaceae Distribution:-Madagascar, Mauritius and Réunion (one record, no precise locality for the island).
Habitat:-Coastal ericacean heath and montane rainforest on Madagascar. Not found again in Réunion since the collection of the type specimen "Voyage de M. Gaudichaud sur La Bonite 1836-37. Ile Bourbon, juillet 1837, PC101870". The observation of the specimen gave some clues on the habit of the specimens: corticolous and pendant.
Threat:-Lowland habitat destruction. IUCN threat category:-RE Notes:-Despite recent exhaustive searches in the field, this species has not been found again and it is probably extinct on the island, probably due to disappearance of its habitat. The species is facing an extremely high risk of worldwide extinction in the immediate future (IUCN category Critically Endangered) based on its small distribution area (area of occupancy in Madagascar less than 10 km² in only two localities about 75 km from each other) in combination with declining extent of its habitat. Although dispersion via spores may be possible from Madagascar to Réunion, the potential for any re-colonization is unknown. 
Diplasiolejeunea cogoensis Infante et al. (1999: 9)
Family:-Lejeuneaceae.
Distribution:-Equatorial Guinea and Réunion. Couleur, corticole, 25.12.1973, de Sloover 17743; Au Grand Matarum, épiphyte, 01.01.1974 , 1500 01.01.1974, Onraedt 74.R.8232; 01.01.1974, epiphyte, Onraedt 74.R.8227 ; Saint-Paul, sentier de la Roche Plate à l'ilet des Orangers, corticole, 1100 m, 18.05.1975 Cirque de Mafate, Marla, au plateau de Kerval, épiphyte, 09.05.1975, Gimalac 75R930; sur arbres, 25.03.1975, Gimalac 75R936; sur Ericacées, 28.12.1973, Gimalac 75R921; sentier de Kerval à Marla, 1500 m, sur arbres, 14.07.1972 (Figure 4 ). , 28.03.2008 corticolous, Ah-Peng et al. 1950 55°30'16 E, 29.03.2008 , 1950 idem corticolous between 50 cm-1 m, 21°05'15 S, 55°31'20 E, 1950 idem Threat:-Known only from type locality "Insula Bourbon, Icono Steph. 096289". Porella prolixa appeared to be distinct from any other African species, none of which has apiculate leaves (Jones 1963 
Habitat:-Corticolous at 2 m high on
Microlejeunea strasbergii
Discussion
In this first Red List of liverworts and hornworts from Réunion, 327 species were assessed, of which one species is considered as regionally extinct (RE), 14 critically endangered (CR), eight endangered (EN), nine vulnerable (VU) and eight near threatened (NT) ( Table 2 , 3). The data deficient category counts 105 species of which 26 need more taxonomical work and 79 lack distribution data (Table 3, 4). The least concern category represents the non-threatened liverwort and hornwort flora and counts 177 species for the island (Table 3) . Two main habitats (corticolous and epiphyllous) host 58 % of the threatened species (CR, EN and VU categories) that were assessed for the island. The threats that the bryophyte flora encounters are mainly due to human population growth leading to urbanization, habitat degradation, destruction and loss, clearing of native forest for cattle farming in the uplands and more recently moss harvesting for horticultural purposes. As an example, the endemic Pandanus mountain thickets (900 -1000 m) in the East of the island are presently highly threatened by growing urbanization. This habitat hosts more than 52 % of the vascular plant species endemic to the Mascarenes, and is particularly rich in both vascular and non-vascular epiphytes. The diversity of bryophytes in this habitat is still being revealed. Sphagnum magellanicum ssp. magellanicum was e.g. recently recorded as new for the island in this habitat (Ah-Peng et al. 2010a ) and two new liverwort species are waiting to be described. Because the Pandanus mountain thickets are located outside the boundaries of the National Park and close to urbanized areas, their vulnerability is high, especially high since they do not serve any recreational purposes either. Consequently, the area is submitted to high pressures for land use. Other threats that need to be surveyed include modification of habitats on the island by invasive plants, global warming and natural destruction by the volcano. This latter is quite unique as a pressure that bryophytes can face, but not to be underestimated. Lava flows and their environment form an important habitat on Réunion and cover 13 % of the surface of the island. These habitats are characterized by the creation of randomly localized new lava flows and they host, at different successional vegetation stages, some restricted species that have not been found elsewhere on the island.
RE
As their contribution to ecosystem services is important (biomass, water retention, nutrient cycling, nursery for other plants and microfauna, etc.), it is hoped with the production of tools like GIS maps, regional Red List, etc. that conservation planners will include bryophytes in their protocols, which remains the main challenge for the protection of these less known plants on the island. It is urgent to start with the protection of their habitats. Similarly as with other small organisms, bryophytes depend on the integrity of their habitats. Preserving their environments will ensure their perennity in ecosystems. A bryoflora of liverworts and hornworts of the Mascarene archipelago is in development by the first two authors. In the future, it will help in identifying these small plants, promote studies and inventories in these islands and thus increase the knowledge on the distribution of these species.
